1. Autonomous vehicles: From research to policy {#s0010}
===============================================

Autonomous vehicles (AVs) constitute a contemporary key area of research and development as reflected by the significant funds currently invested globally. According to the SAE (Society of Automotive Engineers) International taxonomy, in the highest levels of vehicle automation, an automated driving system is expected to perform all dynamic tasks of driving in certain (SAE level 4) or in all conditions (SAE level 5) ([@bb0160]). In the lower levels of vehicle automation, a human should be available to take control of the vehicle (SAE level 3) or to monitor the driving environment while one is assisted to perform the lateral or/and longitudinal motion control of the vehicle (SAE levels 1 and 2). Yet, even these standards are being revised and updated to reflect the continuous need for shared learning and adaptation based on AV trials, such as SAE-J3018™ which was originally established in 2015 and updated in late 2019 ([@bb6500]).

Large automotive companies have been envisaging vehicle automation technology for passenger transport to be available shortly after 2020, although they have indeed revised their early optimistic predictions about having fully automated vehicles on public roads by 2020 ([@bb0195]) and are currently exploring viable business models. Moreover, the COVID-19 pandemic seem to have accelerated development and use of certain forms of vehicle automation for supporting front-line health care (e.g., by delivering medical supplies to hospitals or elderly groups) and controlling the spread of the corona virus (e.g., by disinfecting public spaces), while the discussion about a significant modal shift from airplanes (i.e., short to mid-range trips) to automated vehicles has recently intensified ([@bb0150]).

In this context, research focus has been, so far, predominantly on the development of the hardware (e.g., sensors) and software (e.g., path planning algorithms) technology associated with different levels of vehicle automation ([@bb0050]), particularly since it has been established that the role of hardware has been declining in contrast to the role of software within the transport sector ([@bb0190]). Moreover, the perception that AVs will bring mainly a change to vehicle performance led researchers to explore primarily the short-term implications for traffic flow, road safety and fuel efficiency ([@bb0115]). More recently, "softer" implications of AVs for travel behavior, accessibility, culture, digital divide, health, land use, and social equity have attracted the attention of the research community, acknowledging the possibility of longer term unanticipated ([@bb0125]) socio-technical changes because of this emerging mobility technology ([@bb0020]; [@bb0030]; [@bb0055]; [@bb0105]; [@bb0120]; [@bb0110]; [@bb0170]; [@bb0185]; [@bb0200]; [@bb0205]). Several scholars argue for more active governance of smart mobility ensuring and enhancing public value (i.e., maximizing individual benefits such as access to opportunities, while ensuring inclusive distribution of such benefits and minimizing adverse impacts to the environment and public health) ([@bb0035]; [@bb0095]; [@bb0145]). Research results in all fields indicate that both short- and long-term implications of AVs are expected to be significant, including possible adverse effects for social and environmental sustainability. Moreover, such implications could vary substantially among different countries because of differences in urban form and size of cities, transport networks, travel patterns, governance structures but also due to socio-demographic, cultural and climate factors ([@bb0155]).

Despite this rather clear indication and the associated high public interest, policy developments in terms of type, extent, combination and timing of policy responses in this field are still at an early stage ([@bb0015]; [@bb0045]; [@bb0105]). This might reflect the adoption of a technology driven deployment path for AVs associated with deep uncertainty about possible implications, leaving no or limited space for policy intervention ([@bb0180]) that could steer deployment of AVs toward desirable, acceptable and sustainable transition as highlighted by *WISE-ACT* [a](#fn0010){ref-type="fn"} outputs. Consequently, planners tend to adopt a reactionary "watch and wait" approach regarding AVs integration that could risk social and environmental sustainability ([@bb0090]). According to [@bb0175], even the widely used SAE International taxonomy of AV levels ([@bb0160]) reflects a technologically-centered approach describing the extent that an autonomous driving system can replace a human task. These researchers suggest that for policymakers and the public the technical capabilities of automated vehicles are not so important themselves, as the policies needed so that such vehicles offer safer, more equitable and effective transport system.

This book volume systematically reviews policy relevant implications of AVs and the associated possible policy responses. It comprises 13 chapters discussing: (a) short-term implications of AVs for traffic flow (Chapter 1), human-automated bus systems interaction (Chapter 2), cyber-security and safety (Chapter 3), cyber-security certification and auditing (Chapter 4), non-commuting journeys (Chapter 5); (b) long-term implications of AVs for carbon dioxide (CO~2~) emissions and energy (Chapter 6), health and well-being (Chapter 7), data protection (Chapter 8), ethics (Chapter 9), governance (Chapter 10); (c) implications of AVs for the maritime industry (Chapter 11) and urban deliveries (Chapter 12), and (d) overall synthesis and conclusions (Chapter 13).

The book has been initiated within the Action CA16222 of the European Cooperation in Science and Technology (COST) entitled "Wider Impacts and Scenario Evaluation of Autonomous and Connected Transport" (WISE-ACT[a](#fn0010){ref-type="fn"}). WISE-ACT has offered a unique platform for knowledge exchange and collaboration among multiple researchers from different countries with diverse backgrounds and expertise to explore relevant policy implications of AVs and identify required policy developments at global level.

In the following section, we present an overview of the 13 book chapters included in this book volume, starting with the short-term implications of AVs ([Section 2.1](#s0020){ref-type="sec"}), followed by the long-term implications of AVs ([Section 2.2](#s0025){ref-type="sec"}), the implications of AVs for the maritime and freight industry ([Section 2.3](#s0030){ref-type="sec"}) and the overall synthesis and conclusions ([Section 2.4](#s7600){ref-type="sec"}).

2. Overview of the book chapters {#s0015}
================================

2.1. Short-term implications of AVs {#s0020}
-----------------------------------

In the first five chapters, the focus is on the short-term implications of AVs for traffic flow (Chapter 1), human-automated bus systems interaction (Chapter 2), cyber-security and safety (Chapter 3), cyber-security certification and auditing (Chapter 4), and non-commuting journeys (Chapter 5).

[@bb0135] (Chapter 1) identify 19 factors that influence traffic flow efficiency implications of AVs: acceleration/deceleration profile, lane changing rule, longitudinal driving behavior, presence of connectivity between AVs, desired and safe gap, vehicle type (e.g., electric and internal combustion engine), penetration rate, value of travel time, induced demand, network topology, vehicle distribution in a link, implemented optimization function, type of system (e.g., private and shared), congestion pricing scheme, dedicated lane for CAVs and AVs, intersection control method, parking management, platoon size and presence of VSL. The authors group these into four categories: (i) vehicle characteristics, (ii) travel behavior, (iii) network characteristics, and (iv) policies. The expected impacts of autonomous vehicles on the roadway capacity are found to be not at all unanimous, not only because of different assumptions with respect to these factors, but also because of differences in modeling conditions. Despite the wide range in quantitative estimates of AVs on road capacity, the authors conclude that AVs have the potential to increase the capacity of roads, and therefore reduce congestion levels and travel times. But in the initial stage of introduction, due to the low penetration rates, traffic efficiency may be lower than the capacity of the current system. And due to the lower value of time AVs will induce demand, and induced demand might offset efficiency gains. The authors argue that policy makers should enact laws to ensure connectivity between AVs to experience significant benefits, integrate CAVs with public transport to avoid mode shifts, incentivize ridesharing to reduce network load, develop suitable parking management policies to avoid empty relocations and introduce congestion pricing to curb induced demand. A major limitation of the several reviewed studies relates to the assumptions for the parameters used in the modeling systems.

[@bb0070] (Chapter 2) explore the following questions: (1) What is known about human interaction with automated bus systems? (2) Which methodologies are being used in research regarding the interaction between humans and automated bus systems? (3) What research gaps exist? (4) Which policy implications can be derived so far? Answers to the questions are: (1) the perceived usefulness of the automated bus system did not appear to be a primary determinant for its users. Public acceptance of automated bus systems is generally positive. People appear to have a high level of trust in the automated bus system, (2) questionnaires are the most used means of method for conducting experiments in relation to user acceptance or satisfaction, and (3) an important gap in literature is the lack of objective measures used for the assessment of human interaction with automated bus systems. Another gap follows from the fact that current busses drive at relatively low speeds. Therefore, there is a lack of insights into how people would interact and experience automated bus systems when they would be driving at regular speeds. A third gap is that it is not clear if infrastructure adjustments are needed for automated busses. (4) The paper addresses several policy implications, related to, among others, control allocation---when and in what situations must humans take over control; communications with vulnerable road users, the courtesy problem and communication with other drivers, the "second vehicle problem"---AVs are not prepared and will not respond appropriately when other road users deviate from the formal rules. In addition, the general wait-and-see attitude of planners need to change into a more proactive approach from public planners and authorities when deploying AVs such as automated bus systems are implemented in real-life traffic.

Cyber-security features among the highly important challenges of AV. [@bb0075] (Chapter 3) focus largely on software issues linking these with safety and cyber-security. Through a review of numerous academic papers, they provide a valuable overview of road safety challenges. Their approach adopts a robotics (i.e., vehicle based data) and transport engineering (i.e., collision probability perspective). Other issues identified in the literature such as human factors are also mentioned, although as elements of these two fundamental viewpoints. Cyber-security challenges are disaggregated in physical threats, safety impacts and assessment or mitigation actions. Relevant frameworks and standards are presented, offering detailed scenarios to illustrate risks in each case. Software and hardware vulnerabilities are equally important, so they conclude by offering promising recommendations. For example, they suggest the evolution of an international collaborative directory linking cyber-security liabilities with passenger and traffic safety concerns, highlighting the value of large multi-disciplinary networks such as COST Actions, e.g., WISE-ACT. Regulating such a directory within a global framework is clearly a challenge, but could introduce significant benefits ([@bb0180]). Nonetheless, a lot more AV miles need to be self-driven until such an international agreement is reached based on contemporary experience of individual development of various key AV components worldwide.

AVs need a number of sensors, access technologies and the Internet to intelligently and rapidly interact with infrastructure, people and/or cloud services in a complex and interconnected ecosystem. A large part of sensors and devices that connect to the Internet, or to each other, have neither security nor the possibility of adding it. This approach is widely known and exploited by cybercriminals, who seek harm and profit indiscriminately. Therefore, protecting data and systems from possible external intrusions is one of the main challenges nowadays. The systematic literature review of [@bb0100] (Chapter 4) on cyber-security shows that the risk of adding automation to vehicles has not been properly understood by car manufacturers in the past and it is a serious problem just as the insecure vehicular connectivity is being addressed nowadays. Most cars use components that are based on old hardware and software developed years ago and with basic flaws inherent to design, so errors and vulnerabilities are transferred to these new generation of vehicles. The authors state that a collaborative approach in the automotive industry may be required to overcome the investments in time, money and broader organizational changes. Cybercrime as a Service (CaaS) could generate millions in losses to the automotive industry, justifying new approaches of cyber-security applied to the automobile industry, which must be flexible and adaptive along the production chain and the lifetime of CAVs.

[@bb0080] (Chapter 5) present a state-of-the-art review ([@bb0065]) on the implications of AVs for non-commuting journeys, including those for leisure, tourism, shopping and visiting friends and relatives. The review follows the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines to identify relevant literature and subsequently present the outcomes of a qualitative synthesis of 48 articles. The authors suggest that academic literature on AVs is skewed toward commuting journeys in the urban metropoles of the Global North. They identified four key themes in their review. First, public interest in AVs for leisure might exceed that for commuting, while user requirements could be different for leisure than commuting journeys (e.g., because of the required equipment) influencing AV design. Second, sharing might be less likely for AVs non-commuting journeys because of differences in the sociality of leisure trips (e.g., silence among strangers is accepted in commuter journeys, whereas social and recreational trips often involve multiple passengers socializing). Third, some non-commuting journeys will require a lower level of automation (e.g., level 4 AVs operating within defined routes and under specific conditions: zoos, airport shuttles, urban sightseeing routes). Fourth, non-commuting journeys by AVs could involve spatial impacts (e.g., reduced need for parking space in and around schools). The authors call for more policy attention to non-commuting journeys in the AVs context including Global South. They suggest that policy and regulation focus on preserving equity, privacy and safety for shared AVs serving leisure travel and promoting infrastructure changes needed as a response to the spatio-temporal patterns of leisure activities.

2.2. Long-term implications of AVs {#s0025}
----------------------------------

In the next five chapters, the focus is on the long-term implications of AVs for carbon dioxide (CO~2~) emissions and energy (Chapter 6), health and well-being (Chapter 7), data protection (Chapter 8), ethics (Chapter 9), and governance (Chapter 10).

[@bb0010] (Chapter 6) explores through a literature review the potential of highly automated vehicles (AVs) to reduce carbon dioxide (CO~2~) emissions in the future. The review follows a four-step approach exploring sequentially the relationship between AVs and CO~2~ emissions, the interaction between AV development and battery electric vehicles (BEV) development, and the effects of AVs on vehicle kilometers traveled (VKT). In the last step the policy implications are discussed. The results show that highly automated vehicles could decrease CO~2~ emission per kilometer driven through more efficient vehicle operation, vehicle design, electrification and platooning. Yet, on-board vehicle subsystems (e.g., additional ICT equipment) would possibly limit CO~2~ emission benefits. Additionally, a growth in VKT because of AVs could balance out decreases of CO~2~ emissions due to more efficient vehicle operation. Therefore, the net energy and CO~2~ emission balance for AVs seems, at its best, to be neutral, but is probably negative. However, the potentially accelerating role of AVs in relation to the uptake of electric vehicles could have the biggest impact on the CO~2~ emissions per kilometer driven, but this accelerating role in the uptake of electric technology remains uncertain. Thus, the author suggests that policies promoting alternative vehicle propulsion systems other than fossil fuel technologies seem most effective at the moment, which is aligned with contemporary literature stressing the need for "green" energy powering EVs ([@bb0085]). Additional measures such as energy taxes, AV maximum speed limits as well as policies to curb the growth of VKTs could put in place to ensure further energy and emissions related benefits as soon as the adoption of electric AVs progresses.

[@bb0165] (Chapter 7) discuss potential health and well-being implications of AVs. The authors apply a deductive approach. They first review the transportation system effects on multiple dimensions of health and well-being (i.e., safety, travel satisfaction, access to activities, physical activity, air pollution and noise) as well as possible AV effects on travel behavior. Then, they combine these insights to deduce potential positive, negative, and unknown effects of AVs on health/well-being. The authors argue that AVs could lead to more automobile travel because of possibly more and longer person trips by car (though this is still uncertain, as they note) and modal shifts away from current modes to their more attractive (but also more travel-distance-intensive, for example, because of empty trips) AV counterparts (e.g., for public transport to pooled AVs). Consequently, they suggest that AVs are likely to have overall positive impacts on some health and well-being aspects (safety, travel satisfaction, access to activities) and overall negative impacts on others (physical activity), while effects are more uncertain for other topics (urban built environments, air and noise pollution). They propose an evolving systems approach to explore the multitude of potential impacts of AVs on health and well-being and conclude with policy implications (e.g., policies limiting possible negative effects of AVs such as reduced physically active travel, increased vehicle-distances traveled and urban sprawl) and future research (i.e., research questions, methods) to further explore such impacts.

[@bb0025] (Chapter 8) present a mapping review of existing legal frameworks and regulations governing mobility data management, AV trials, as well as data generated through new mobility services (e.g., ride-hailing) in Austria, Brazil, Greece, Italy, New Zealand, Slovakia, and Switzerland to assess policy challenges of AV deployment and the deriving data management and protection implications. The review was based on a survey questionnaire distributed among experts (WISE-ACT members) in the field in each of these selected seven countries. According to the review results, most countries have adopted GDPR (General Data Protection Regulation, Regulation (EU) 2016/679), or similar type of legislation for data management and protection, yet only two out of the seven selected countries have in place some limited provisions regarding data generated through AV trials. Moreover, new mobility services (e.g., ride-hailing, e-scooter sharing) are compliant with GDPR requirements in only two out of the seven selected countries. Limited regulatory provisions have been identified for AV deployment in the freight sector. The authors conclude that data management and protection of AV data is still at a nascent stage, stressing the need for collaboration among stakeholders and countries on this topic (e.g., development of "regulatory sandboxes"). They also point to two emerging issues on data protection that will require further regulatory attention in the future: (1) the capability to "re-identify" originally anonymous data through AI or Big Data integration with those available publicly confirming that data is the currency of the 21st century and (2) the increasing autonomy of AVs and the legal status of such artificial agents.

[@bb0040] (Chapter 9) address an important topic surrounding AV, namely ethics and AV. It conducts a review of contemporary literature about AV and ethics, remaining focused on these issues and not on wider transport debates. Through a range of academic literature and relevant policy reports, they offer an outline of how existing ethical theories could be applied in AV. Consequentialist and utilitarianist, deontological, contractarianist and randomness theories are reviewed to provide essential context. This allows the authors to delve into the contrasting views regarding AV decisions in critical and forced-choice situations. However, Dogan et al. acknowledge that it is ordinary situations which would require more guidelines and policy making, rather than highly improbable and uncertain unavoidable accidents. This leads them to interesting conclusions which provide input for future policy making about this highly contentious topic.

Departing from a socio-technical systems perspective and governance cultures [@bb0130] (Chapter 10) aim to help understand country-specific governance strategies and approaches for AVs. Based on document review, it presents a comparative analysis of AV-related policy documents in Finland, United Kingdom, and Germany, countries that promote the introduction of AVs. It focuses on the assumed roles for AVs, the identified domains and mechanisms of governance, and the assumed actors responsible for steering the development process. All three countries think that AVs should contribute to the national economic growth. In Finland, a key idea is that innovations should contribute to the long-term transition to knowledge economy. The United Kingdom and German positions AVs in the context of global leadership in technological development. Key themes for governance include liability, public experiments, and data management. Actors on which governance strategies focus are drivers (which can also be an external operator), experts and citizens. All three countries take a neutral stance toward the meaning of technology. An important conclusion is governance do not see citizens as equal partners in steering technological futures, but only as an actor that can potentially resist new technology. Another important conclusion is that all three governance approaches have an underlying premise that risks are problems to be managed, without recognizing potentially unanticipated consequences, resulting in a potential threat of techno-determinism. Consequently technological development is not based on the democratic enhancement of dialog between state and society.

2.3. Implications of AVs for the maritime and freight industry {#s0030}
--------------------------------------------------------------

In the next two chapters, the focus is on the implications of AVs for the maritime industry (Chapter 11) and urban deliveries (Chapter 12).

[@bb0060] (Chapter 11) addresses an often neglected mode of AVs, namely autonomous shipping. Through an extensive overview of key maritime projects and by referring to the unavoidable workforce challenges regarding maritime navigation, maintenance and specialized software updates in the future, Ghaderi offers an inclusive conventional literature review. This chapter highlights the need for a collaborative culture within this large diverse sector, in addition of the need to address cyber-security and data management concerns identified also within other chapters (e.g., Chapter 8 by [@bb0025]; Chapter 3 by [@bb0075]). It achieves this by contrasting automation on sea and on land, namely at ports, where significant technological advances have been already realized during the past two decades. Servicing hazardous situations or conducting search and rescue operations could be clearly beneficial tasks fulfilled by autonomous vessels in the wider port area while significantly increasing human safety. Interestingly, this chapter concludes with a glimpse to the future linking technology adoption with market structure. Key policy recommendations include the need to focus on the co-ordination of regulations and standards internationally, while supporting workforce training to develop new skills in demand. Correlating autonomy level with industry maturity level is a further chapter contribution about this growing transport sector of high importance for global supply chains. Overall though, the challenges and opportunities faced by maritime transport resemble those faced by other transport sectors considering the adoption of AVs. A fundamental conclusion is that all stakeholders need to be taken into account when evaluating such new developments, similarly to [@bb0130]---Chapter 10, safeguarding that appropriate mechanisms exist to compensate losers through the gains of winners.

[@bb0140] (Chapter 12) focus on the prominent topic of urban deliveries, i.e., the freight and logistics sector, particularly first- and last-mile deliveries, which have received less attention by researchers to date. It provides an international overview of technologies such as pods and Unmanned Aerial Vehicles (UAVs), with a strong United Kingdom focus due to the high uptake of e-commerce in that country. Through a review of the roles of key stakeholders and the identification of key barriers, confirmed via United Kingdom workshops, it concludes with relevant policy recommendations such as the need for training and education of the workforce, consumers and the general public. Concerns include low co-ordination levels among stakeholders, low load factors, short-term cost increases, employment implications and urban planning issues such as sharing of public space, as well as privacy, safety and security. On the other hand, Chapter 12 offers a counter-intuitive suggestion, namely that UAVs may introduce a five-fold reduction of delivery costs despite the need for at least 15 UAVs to reach the load of a delivery van. Conclusions highlight the contemporary high uncertainty on a range of key factors due to lack of evidence and the need to test new business models within emerging regulatory frameworks among the key barriers of autonomous vehicles uptake for urban deliveries. Hence, it is pertinent to explore the wider impacts of transport automation and autonomous vehicles in a sector which has been seen among the forerunners of transport automation adoption.

2.4. Overall synthesis and conclusions {#s7600}
--------------------------------------

In the last chapter, [@bb9000] (Chapter 13) provide an overall synthesis and conclusions pertaining to the most important findings and policy implications of each of the chapters 1--12Chapter 1Chapter 2Chapter 3Chapter 4Chapter 5Chapter 6Chapter 7Chapter 8Chapter 9Chapter 10Chapter 11Chapter 12, and discuss future paths for policy making and research. It is concluded that (a) the policy implications of AVs suggested within each topic of this book volume are still relatively broad, (b) conceptually rich research seems to be more valuable for policy making, (c) context appears to be an important factor for the uptake, impacts, and specific system design characteristics of real world AV implementation, (d) research on the global south is not developed so far with respect to AVs, (e) AVs, shared vehicles and electric vehicles (EVs) could reinforce deployment of each other, and (f) AVs will induce wider societal implications (e.g. land use, accessibility, social exclusion, governmental expenditures, the labor market, and the environment), with more indirect effects being more difficult to understand. Regarding policy making, it is concluded that (a) more attention should be given to ethics, cyber security and data protection in the AVs era, (b) future investments in motorway networks might not be no-regret anymore, because of possible reductions in congestion and decreases in the marginal values of time due to AVs, and (c) countries that introduce AVs at a slower pace can learn a lot from the real world experiences elsewhere.

Wider Impacts and Scenario Evaluation of Autonomous and Connected Transport COST Action CA16222: <https://www.wise-act.eu>.
